Identification of a Kv3.4 channel in corneal epithelial cells.
Voltage-gated K(+) channels maintain salt and water balance and normal function of corneal epithelial cells. To determine their identity, Kv channel types were sought in cultured rabbit corneal epithelial cells and in the intact rat corneal epithelium. Immunohistochemistry and Western blot analysis were performed to detect K(+) channels in the membrane and cell lysates of rat and SV-40-transformed rabbit corneal epithelial (RCE) cells, using specific antibodies. The whole-cell patch clamp was used to characterize the biophysical and pharmacologic properties of the K(+) current in RCE cells. Expressions of K(+) channel types in corneal epithelial cells were detected by using a panel of specific anti-K(+) channel antibodies. Western blot analysis, using specific anti-K(+) channel antibodies including anti-Kv1.1, -2.1, -3.1, -3.2, -3.4, -4.2, and -4.3, demonstrated that in corneal epithelial cells Kv3.4 channel was highly expressed in whole-cell lysates and in cell membrane preparations. The anti-Kv3.4 channel antibody produced intense immunoreactivity in both RCE cells and rat corneal epithelium. Fluorescence immunostaining and avidin-biotin-peroxidase complex immunostaining confirmed localization of Kv3.4 channels in the cell membrane of both RCE and rat corneal epithelial cells. Voltage depolarization-activated K(+) currents in RCE cells were inhibited by applications of either 4-aminopyridine (4-AP, at micromolar levels), alpha-dendrotoxin at nanomolar levels, or blood-depressing substance-I at nanomolar levels. Biochemical and pharmacological profiles of the voltage-gated, 4-AP-sensitive K(+) channel in rat and RCE cells resemble characteristics of a Kv3.4 channel, a member of the Shaw subfamily. This channel may play important roles in maintaining normal function of corneal epithelium.